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Early Increase of Oxidative Stress and
Soluble CD40L in Children With Hypercholesterolemia
Francesco Martino, MD,* Pasquale Pignatelli, MD,† Eliana Martino, MD,* Francesco Morrone, MD,*
Roberto Carnevale, PHD,† Serena Di Santo, PHD,† Barbara Buchetti, PHD,† Lorenzo Loffredo, MD,†
Francesco Violi, MD†
Rome, Italy
Objectives The aim of the study was to analyze the behavior of oxidative stress and its interplay with CD40L, a protein that
is implicated in atherosclerosis, in hypercholesterolemic children.
Background Oxidative stress has been suggested to play a major role in premature atherosclerosis.
Methods Forty-one children with hypercholesterolemia (mean age 9.28  0.5 years) and 40 children with normocholes-
terolemia (mean age 9.02  0.69 years) were matched for gender and age. Within each group, children
were classified as having or not having a family history of cardiovascular disease. Serum levels of
8-hydroxy-2=-deoxyguanosine (8-OHdG), a marker of oxidative stress, and plasma levels of soluble CD40L
(sCD40L) were measured in each child. In a subgroup of children with high (n  8) or normal (n  8) levels of
serum cholesterol, platelet p38 mitogen-activated protein (MAP) kinase phosphorylation, a protein involved in
the activation of nicotinamide adenine dinucleotide phosphate oxidase, was determined.
Results Children with hypercholesterolemia had higher values of 8-OHdG and sCD40L compared with control subjects
(0.55  0.06 ng/ml vs. 0.21  0.02 ng/ml, p  0.001 and 0.55  0.04 ng/ml vs. 0.19  0.03 ng/ml, p 
0.001, respectively). A significant correlation between 8-OHdG and sCD40L was observed in children with high
(r  0.676, p  0.001) or normal (r  0.878, p  0.001) levels of cholesterol. Children with a family history of
cardiovascular disease tended to have higher values of 8-OHdG and sCD40L, but the difference was not signifi-
cant. Analysis of platelet p38 MAP kinase showed that it was phosphorylated more in children with hypercholes-
terolemia compared with control subjects (36.8  5.8 AU vs. 8.0  4.5 AU, p  0.001 respectively).
Conclusions Children with hypercholesterolemia have an early increase of oxidative stress that may be responsible for up-
regulation of CD40L and potentially predispose to premature atherosclerosis. (J Am Coll Cardiol 2007;49:
1974–81) © 2007 by the American College of Cardiology Foundation
ublished by Elsevier Inc. doi:10.1016/j.jacc.2007.01.082E
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itherosclerosis is a process that is already detectable in
hildren with classic risk factors for atherosclerosis. Autopsy
tudies performed in children or youths with established risk
actors demonstrated a positive association with the pres-
nce and extent of atherosclerotic lesions in the aorta and
oronary arteries (1–3). Among the classic risk factors for
therosclerosis, total cholesterol (TC) seems to be a major
eterminant of early atherosclerosis. Thus, autopsy studies
ocumented an association between TC and low-density
ipoprotein (LDL) cholesterol with the extent and severity
f atherosclerosis in infants, children, and adolescents (1–3).
rom the *Center of Clinic Lipid Research, Department of Pediatrics, University of
ome “La Sapienza,” Rome, Italy; and the †Department of Experimental Medicine
nd Pathology, University of Rome “La Sapienza,” Rome, Italy. This study was
upported in part by a grant from the University of Rome “La Sapienza” (Ateneo
003).t
Manuscript received November 6, 2006; revised manuscript received January 16,
007, accepted January 23, 2007.arly increase of cholesterol is also relevant in the progres-
ion of atherosclerosis in adults; thus, measurement of LDL
n childhood predicts carotid intima-media thickness in
oung adults (4).
Uptake of oxidized LDL by macrophages via scavenger
eceptors is believed to represent the early phase of athero-
clerotic lesion (5). The key role of oxidative stress in LDL
ptake by macrophages has been documented by demon-
trating lower LDL uptake by human macrophages upon
ntioxidant supplementation (6). Histologic examinations
ave showed that macrophage infiltration in the coronary
rtery occurs in infancy, suggesting that oxidative stress with
nsuing LDL modification is an early phenomenon associ-
ted with the onset of atherosclerosis (1,7,8). Using several
arkers of oxidative stress, including isoprostanes and
-hydroxy-2=-deoxyguanosine (8-OHdG), an enhanced ox-
dative stress has been observed in adults with hypercholes-
erolemia (9,10). To our knowledge, there is only 1 report
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May 15, 2007:1974–81 Soluble CD40L in Hypercholesterolemic Childrenhat documented enhanced oxidative stress in children with
ypercholesterolemia and its decrease upon pravastatin
reatment, indicating that cholesterol could be implicated in
nhancing oxidative stress (11). To further explore whether
xidative stress is an early phenomenon influencing inflam-
atory processes related to atherosclerotic disease, we ana-
yzed the relationship between 8-OHdG serum levels and
lasma levels of soluble CD40L (sCD40L), an inflamma-
ory protein involved in the onset and progression of
therosclerotic disease (12), in a population of children
ffected by hypercholesterolemia. Also, we examined
hether a family history of cardiovascular disease, which is
ssociated with early signs of subclinical arteriosclerosis
13), influences oxidative stress and sCD40L in this clinical
etting. Finally, we examined whether platelets from chil-
ren with hypercholesterolemia have intra-cellular changes
otentially accounting for enhanced oxidative stress; for this
urpose, we measured platelet p38 mitogen-activated pro-
ein (MAP) kinase, a protein that is known to activate
icotinamide adenine dinucleotide phosphate (NADPH)
xidase (14), in a subgroup of children with hypercholes-
erolemia. We report that enhanced oxidative stress is
etectable early in children with hypercholesterolemia and
ay contribute to the up-regulation of CD40L.
aterials and Methods
ubjects and family classification. Forty-one index chil-
ren (ages 2 to 18 years) were recruited through a screening
rogram of dyslipidemia in childhood. They were referred
o the Lipid Clinic Research, Dipartimento di Pediatria,
niversità di Roma “La Sapienza,” Rome, Italy, to deter-
ine the presence of abnormal lipid values detected during
n occasional laboratory test. The control group comprised
0 normocholesterolemic children matched for age and
ender. The phenotype of the hypercholesterolemic chil-
ren was classified as family hypercholesterolemia (n  9)
n the basis of the presence of a first-degree relative with
ypercholesterolemia (TC 95th age- and gender-specific
ercentile); family combined hyperlipidemia (n  13),
efined as a presence of a first-degree relative with high
riglycerides and/or high TC (TC 95th age- and
ender-specific percentile); polygenic hypercholesterol-
mia on the basis of the presence of TC 95th age- and
ender-specific percentile and without clear family trans-
ission (n  19) (15).
Exclusion criteria included age under 2 years or over 18
ears, hypothyroidism, renal disease, malignancy, treatment
ith immunosuppressive drugs, connective tissue disease,
ny cardiovascular event within 6 months, and any acute
llness.
The children were divided in 4 groups according to
holesterol serum levels and family history, including hy-
ercholesterolemic children with family history of vascular
isease (n  20), normocholesterolemic children with family
istory of vascular disease (n  19), and hypercholesterolemic wn  21) and normocholester-
lemic children (n  21) without
amily history of vascular disease.
amily history was considered
ositive only if each study subject’s
ather or mother had experienced
yocardial infarction or stroke at
55 years of age.
To compare the behavior of
xidative stress and sCD40L in
hildren and adults, 80 adult patients with hypercholester-
lemia (n  40) and normocholesterolemia (n  40)
atched for gender and age were included in the study.
oth patients and control subjects were recruited from the
ame geographic area and followed a typical Mediterranean
iet. None of the patients had clinical evidence of cardio-
ascular disease (as shown by clinical history, physical
xamination, or electrocardiogram), diabetes mellitus, or
ypertension. Patients with hypercholesterolemia had not
aken any lipid-lowering agents or antiplatelet drugs in the
revious 30 days.
Blood samples were obtained from an antecubital vein
fter an overnight fast. Serum TC, high-density lipoprotein
holesterol, and triglycerides were measured by an Olympus
N 560 apparatus (Olympus Optical Co., Sizuoka, Japan)
sing an enzymatic colorimetric method; LDL-C levels
ere calculated according to the Friedwald formula.
nalysis of sCD40L and 8-OHdG. Blood samples mixed
ith 0.13 M Na citrate (ratio 9:1) were taken between 8 and
AM from patients who had fasted at least 12 h; samples
ere immediately centrifuged at 2,000 rpm for 20 min at
°C, and the supernatant was collected and stored at80°C
ntil measurement. Plasma levels of sCD40L were mea-
ured with a commercial immunoassay (Quantikine CD40
igand, R&D Systems Inc., Minneapolis, Minnesota).
ntra-assay and interassay coefficients of variation were 7%
nd 9%, respectively.
Serum levels of 8-OHdG were analyzed using a compet-
tive enzyme-linked immunosorbent assay (Bioxytech
-OHdG-EIA, OXIS Health Products, Portland, Oregon).
ntra- and interassay coefficients of variation were 2.1% and
.5%, respectively.
latelet p38 MAP kinase. Platelets (2  108/ml in tyrode
uffer) were prepared as previously described (10), stimu-
ated with collagen (6 mg/l) (3 min at 37°C), and washed
nd resuspended in a 2X Lysis buffer (5 mM EDTA, 0.15
ol NaCl, 0.1 mol Tris pH 8.0, 1% triton and protease
nhibitor cocktail).
Equal amounts of protein (30 g/lane) estimated by
radford assay were solubilized in a 2 Laemmli sample
uffer containing 2-mercaptoethanol and loaded in a dena-
uring SDS/10% polyacrylamide gel. Western blot analysis
as performed with monoclonal anti-p38 MAP kinase (1
g/ml) incubated overnight at 4°C. Immune complexes
Abbreviations
and Acronyms
8-OHdG  8-hydroxy-
2=-deoxyguanosine
LDL  low-density
lipoprotein
sCD40L  soluble CD40L
TC  total cholesterolere detected by enhanced chemiluminescence. The rate of
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Soluble CD40L in Hypercholesterolemic Children May 15, 2007:1974–8138 MAP kinase was analyzed by autoradiography. The
eveloped spots were calculated by densitometric analysis on
NIHimage 1.62f analyzer, and the amount of phosphor-
lation was determined by dividing the areas of the phos-
horylated spots of stimulated platelets by the area of
ontrol unstimulated platelets; the value was expressed as
rbitrary units (14). Analysis of platelet p38 MAP kinase
hosphorylation was performed in a subgroup of children
ho were willing to provide a further aliquot of blood. The
ubgroup included children with normal (n  8, 4 males, 4
emales, mean age 8.8  2.1 years) or high (n  8, 4 males,
females, age 9.0  1.7 years) levels of serum cholesterol.
tatistical analysis. Comparisons between groups were
arried out by Student t test; in case of non-homogeneous
ariances, as verified by Levene’s test, the nonparametric test
Kolmogorov-Smirnov [z] test) was used. Data are pre-
ented as mean  SE. Proportions and categorical variables
ere tested by the chi-square test. The correlation analysis
as carried out by Pearson’s test. Multiple linear regression
nalysis was performed using a stepwise selection method and
as performed to determine the independent parameters of
D40L and 8-OHdG. Statistical significance was defined as
 0.05. Statistical analysis was performed with SPSS 13.0
oftware for Windows (SPSS Inc., Chicago, Illinois).
esults
linical characteristics of hypercholesterolemic and normo-
holesterolemic children and adults are reported in Table 1.
erum levels of cholesterol were 156.6  3.0 mg/dl in
hildren with normocholesterolemia and 228.9 5.6 mg/dl
n those with hypercholesterolemia (p  0.001). Serum
evels of cholesterol were 162.0  3.8 mg/dl in adults with
ormocholesterolemia and 270.8 3.5 mg/dl in adults with
ypercholesterolemia (p  0.001).
xidative stress in childrenwith hypercholesterolemia. Com-
ared to children with normocholesterolemia, those with
ypercholesterolemia had higher oxidative stress, as docu-
ented by significantly more elevated values of 8-OHdG
erum levels (Fig. 1).
linical Characteristics of Hypercholesterolemic and Normocholest
Table 1 Clinical Characteristics of Hypercholesterolemic and N
Hypercholesterolemic
Children
Normocholesterol
Children
Age (yrs) 9.28 0.5 9.02 0.69
Gender 18 males, 23 females 27 males, 13 fem
Systolic blood pressure (mm Hg) 102.4 1.76 103.1 1.59
Diastolic blood pressure (mm Hg) 70.8 1.2 67.3 1.4
Total cholesterol (mg/dl) 228.9 5.6 156.6 3.0
LDL cholesterol (mg/dl) 153.9 6.4 95.9 2.8
Triglycerides (mg/dl) 100.8 11.6 77.2 5.5
sCD40L (ng/ml) 0.55 0.04 0.19 0.03
8-OHdG (ng/ml) 0.55 0.06 0.21 0.02Hypercholesterolemic versus normocholesterolemic children; †hypercholesterolemic versus normochole
8-OHdG  8-hydroxy-2=-deoxyguanosine; LDL  low-density lipoprotein; sCD40L  soluble CD40L.This finding was not influenced by the family history for
ardiovascular disease in either hypercholesterolemic or
ormocholeserolemic children (not shown). Oxidative stress
as lower in children compared to adults. Thus, children
ith normal or high levels of serum cholesterol had lower
alues of 8-OHdG compared with corresponding adults
Fig. 1). Oxidative stress was significantly associated with
erum LDL cholesterol in both children (Fig. 2A) and
dults with hypercholesterolemia (Fig. 2B). Also, in overall
orrelation, LDL cholesterol was significantly associated
ith 8-OHdG (r  0.506, p  0.001).
To establish the independent predictors of 8-OHdG
mong children, we performed a multiple linear regres-
ion analysis including the variables linearly associated to
he dependent variable (Table 2); the independent pre-
ictor variable, in both groups, was only sCD40L (hy-
ercholesterolemic children: B: 1.071; standard error
SE]: 0.188; standardized coefficient beta: 0.679; R2 
6.1%, p  0.001; normocholesterolemic children: B:
.081; SE: 0.095; standardized coefficient beta: 0.878; R2
77%, p  0.001).
mic Children and Adults
cholesterolemic Children and Adults
p Value*
Hypercholesterolemic
Adults
Normocholesterolemic
Adults p Value†
NS 54.0 4.9 52.5 5.1 NS
NS 20 males, 20 females 20 males, 20 females NS
NS 127.5 1.5 124.0 1.8 NS
NS 75.3 1.4 74.7 1.5 NS
0.001‡ 270.8 3.5 162.0 3.8 0.001
0.001‡ 187.5 1.8 97.6 2.1 0.001
0.03‡ 102.7 3.2 72.5 2.3 0.001
0.001 4.28 0.33 2.23 0.15 0.001‡
0.001‡ 3.61 0.54 1.23 0.19 0.001‡
Figure 1 8-OHdG Serum Levels in Normocholesterolemic
or Hypercholesterolemic Children and Adults
*p  0.001. 8-OHdG  8-hydroxy-2=-deoxyguanosine.erole
ormo
emic
alessterolemic adults; ‡nonparametric test.
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May 15, 2007:1974–81 Soluble CD40L in Hypercholesterolemic ChildrenCD40L and oxidative stress in children with hypercho-
esterolemia. Compared to children with normocholester-
lemia, those with hypercholesterolemia had higher values
f sCD40L plasma levels (Fig. 3). This finding was not
nfluenced by family history for cardiovascular disease in
ither hypercholesterolemic or normocholesterolemic chil-
ren (data not shown).
Plasma levels of sCD40L were lower in children com-
ared with adults. Thus, children with normal or high levels
f serum cholesterol had lower values of sCD40L compared
ith the corresponding adults (Fig. 3). Soluble CD40L
lasma levels significantly correlated with serum LDL
holesterol in both children (r  0.766, p  0.001) (Fig.
A) and adults with hypercholesterolemia (r  0.834, p 
.001) (Fig. 4B). Also, in overall correlation, LDL choles-
Figure 2 Regression Analysis Between LDL Cholesterol and 8-O
Linear regression analysis between low-density lipoprotein (LDL) cholesterol and 8
serum levels in hypercholesterolemic children (A) and adults (B). Other abbreviati
imple Linear Regression Analysis for Determinants of sCD40L and
Table 2 Simple Linear Regression Analysis for Determinants of
Variables
Hypercholesterolemic
sCD40L
r p
Age 0.112 0.504 0
Gender 0.108 0.502 0
Family history of cardiovascular disease 0.027 0.868 0
Body mass index 0.106 0.510 0
Systolic blood pressure 0.003 0.985 0
Diastolic blood pressure 0.386 0.013* 0
Triglycerides 0.037 0.818 0
HDL cholesterol 0.310 0.049* 0
LDL cholesterol 0.766 0.001* 0
sCD40L — — 0
8-OHdG 0.676 0.001*Selected as independent variables for multiple linear regression analysis.
HDL  high-density lipoprotein; other abbreviations as in Table 1.erol was significantly associated with sCD40L (r  0.539,
 0.001).
Plasma levels of sCD40L significantly correlated with
OH-dG in both children (r 0.676, p 0.001) (Fig. 5A)
nd adults with hypercholesterolemia (r  0.832, p 
.001) (Fig. 5B); also, in overall correlation, LDL choles-
erol was significantly associated with sCD40L (r  0.856,
 0.001).
To establish the independent predictors of sCD40L
mong children, we performed a multiple linear regression
nalysis including the variables linearly associated to the
ependent variable (Table 2). In the group of hyper-
holesterolemic children, the independent predictor vari-
bles were LDL cholesterol (B: 0.004; SE: 0.001; standard-
zed coefficient beta: 0.563; p  0.001) and 8-OHdG (B:
in Figure 1.
dG in Children
0L and 8-OHdG in Children
en Normocholesterolemic Children
8-OHdG sCD40L 8-OHdG
p r p r p
0.784 0.213 0.186 0.136 0.402
0.423 0.253 0.115 0.294 0.066
0.617 0.113 0.487 0.151 0.353
0.514 0.196 0.225 0.099 0.544
0.161 0.063 0.701 0.075 0.646
0.043* 0.207 0.200 0.175 0.280
0.999 0.094 0.564 0.101 0.536
0.059 0.021 0.895 0.008 0.961
0.001* 0.001 0.993 0.036 0.825
0.001* — — 0.878 0.001*
— 0.878 0.001* — —HdG
-OHdG
ons as8-OH
sCD4
Childr
r
.046
.129
.80
.105
.223
.318
.001
.298
.549
.676
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Soluble CD40L in Hypercholesterolemic Children May 15, 2007:1974–81.235; SE: 0.070; standardized coefficient beta: 0.370;
 0.002), accounting for 68.3% of the total variability of
CD40L. In normocholesterolemic children sCD40L was
ndependently associated only with 8-OHdG (B: 0.714; SE:
.063; standardized coefficient beta: 0.878; p 0.001; R2
7.1%).
hosphorylation of MAP kinase in children with hyper-
holesterolemia. Upon stimulation, platelets activate p38
AP kinase, which is involved in modulating intracel-
ular oxidative stress via activation of NADPH oxidase
14). Thus, we used platelets as a tool to investigate the
hosphorylation of p38 MAP kinase in children with
ormal (150  4.4 mg/dl) or high (233.5  8.7 mg/dl)
evels of serum cholesterol. As shown in Figure 6,
ypercholesterolemic children showed higher platelet
Figure 3 sCD40L Plasma Levels in Normocholesterolemic
or Hypercholesterolemic Children and Adults
*p  0.001. sCD40L  soluble CD40L.
Figure 4 Regression Analysis Between LDL Cholesterol and sC
Linear regression analysis between LDL cholesterol and sCD40L plasma levels in38 MAP kinase phosphorylation compared with control
ubjects.
iscussion
his study provides evidence that in children with family
nd polygenic hypercholesterolemia, there is an early in-
rease of oxidative stress that suggests the stress’s potential
nterplay with CD40L up-regulation.
Experimental and clinical studies provided strong evi-
ence in favor of the pivotal role of oxidative stress in the
therosclerotic process. Several markers of oxidative stress,
ncluding circulating antibodies against oxidized LDL, uri-
ary excretion of isoprostanes, and serum and urinary levels
f 8-OHdG have been shown to be associated with sub-
linical and preclinical atherosclerosis and acute coronary
yndrome in adulthood (10,16,17).
Children with hypercholesterolemia are at risk of early
reclinical atherosclerosis, as shown by the fact that serum
holesterol is a good predictor of intima-media thickness in
oung adults (4). Cholesterol could promote early in situ
xidative stress with ensuing monocyte recruitment in the
ub-endothelium layer. In accordance with this hypothesis,
xidized LDL has been detected in the aortas of human
etuses whose mothers were hypercholesterolemic, even
efore monocyte infiltration, suggesting that cholesterol
ay also promote oxidative stress in children with hyper-
holesterolemia (1). Clinical evidence of early oxidative
tress has been documented by an interventional study with
itamins E and C showing that these antioxidant vitamins
ere able to ameliorate endothelial dysfunction (18). How-
ver, this treatment did not change biologic markers of
xidative stress; therefore, it was unclear whether children
ith hypercholesterolemia had enhanced oxidative stress
holesterolemic children (A) and adults (B). Abbreviations as in Figures 1 to 3.D40L
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May 15, 2007:1974–81 Soluble CD40L in Hypercholesterolemic Childrennd the stress’s interplay with endothelial dysfunction. More
ecently Rodenburg et al. (11) found higher levels of apoli-
oprotein B-immuno complexes and malondialdehyde-LDL
utoantibodies in children with familial hypercholesterol-
mia compared with control subjects, suggesting the exis-
ence of an immunologic response to oxidized LDL. Con-
istent with these findings are the results of the present
tudy showing an enhanced oxidative stress in children with
ypercholesterolemia; the significant association between
erum levels of 8-OHdG and serum cholesterol is in
ccordance with a previous study in adults (10) and strongly
uggests that cholesterol may also promote oxidative stress
n children with hypercholesterolemia.
The increased levels of sCD40L are another finding of the
resent study that may explain the early atherosclerosis occur-
ing in hypercholesterolemic children. Thus, CD40L is a
rotein that exerts inflammatory and prothrombotic effects and
s implicated in the process of atherosclerosis (12).
Among the several cells expressing CD40L, platelets play
n important role as, upon agonist stimulation, they release
D40L into the circulatory system as a soluble form; more
han 95% of circulating sCD40L is attributed to its release
rom activated platelets (19). Previous studies showed en-
anced sCD40L and platelet CD40L expression in adults
ith hypercholesterolemia with a strong correlation be-
ween sCD40L and serum cholesterol (20,21), indicating
hat cholesterol could up-regulate platelet CD40L. Consis-
ent with these data are the results of the present study,
howing a significant increase of plasma sCD40L in chil-
ren with hypercholesterolemia with a significant correla-
ion between this variable and serum cholesterol. This
ndicates that hypercholesterolemia is associated with early
latelet activation, which may contribute to the atheroscle-
otic process via CD40L up-regulation. To our knowledge,
Figure 5 Regression Analysis Between sCD40L and 8-OHdG
Linear regression analysis between sCD40L and 8-OHdG in hypercholesterolemic chere is only 1 study that measured sCD40L in children bith familial hypercholesterolemia and showed normal se-
um levels compared with control subjects (22). Different
tudy population and, overall, blood sampling may account
or these apparent divergent results. In particular, Ueland
t al. (22) measured sCD40L in serum, which reflects the
lobal capacity of platelets to produce sCD40L, whereas we
easured sCD40L in plasma, which expresses the actual
irculating levels of sCD40L (23). It is, therefore, possible
hat platelets from children with hypercholesterolemia have
normal intraplatelet content of CD40L but, as a conse-
uence of enhanced activation, they release higher amounts
f sCD40L in the circulation.
Previous studies have shown that oxidative stress is
mplicated in up-regulation of CD40L (20,24,25); in par-
icular, we have documented that in patients with hereditary
eficiency of gp91phox, the central core of NADPH oxi-
ase (20), platelet CD40L, was down-regulated, suggesting
hat NADPH oxidase-generating superoxide anion is cru-
ial for platelet CD40L expression. Therefore, we specu-
ated that children with hypercholesterolemia have an en-
anced platelet oxidative stress that could predispose to
D40L up-regulation and ultimately to increased sCD40L.
xperiments performed by measuring p38 MAP kinase, a
rotein that is known to activate NADPH oxidase (14), are
n favor of this hypothesis, as a higher phosphorylation of
his protein was observed in platelets from hypercholester-
lemic children compared to control subjects. Further sup-
ort to the interplay between oxidative stress and platelet
D40L up-regulation was provided by the significant
orrelation between serum levels of 8-OHdG and plasma
evels of sCD40L. Even we cannot exclude that the signif-
cant association between these two variables may be also
nterpreted as a consequence of the pro-oxidant property of
D40L (10,14); it is likely that in vivo oxidative stress
n (A) and adults (B). Abbreviations as in Figures 1 and 3.hildreehaves as a stimulus for CD40L regulation. Thus, we have
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Soluble CD40L in Hypercholesterolemic Children May 15, 2007:1974–81reviously demonstrated that in humans, intravenous infu-
ion of ascorbic acid, a known antioxidant, was associated
ith platelet CD40L down-regulation (26).
Together, these data indicate that hypercholesterolemia
ay be responsible for a premature increase of oxidative
tress and in turn CD40L up-regulation, thereby contrib-
ting to early atherosclerosis. Owing to the fact that our
opulation included both family and polygenic hypercho-
esterolemia, it is likely that genetic/diet causes play a role in
nhancing oxidative stress and sCD40L, but the contribu-
ion of each factor should be further analyzed by ad hoc
tudy.
In the present study, we also tested the hypothesis that
he familial history of cardiovascular disease could influence
xidative stress and in turn CD40L up-regulation. Recent
tudies have shown that individuals with family history for
ardiovascular disease have early signs of subclinical arterio-
clerosis such as increased intima-media thickness (13). We
peculated that these changes could reflect systemic signs of
arly oxidative stress and CD40L up-regulation. Even
hough our findings did not show changes compatible with
role of family history in affecting oxidative stress and
Figure 6 p38 MAPK Phosphorylation Analysis
(A) p38 mitogen-activated protein kinase (p38MAPK) phosphorylation analysis
in normocholesterolemic (HS) (n  8) and hypercholesterolemic (HC) children
(n  8) (the rate of phosphorylation was expressed as arbitrary units [AU])
(*p  0.001). (B) A representative Western blot analysis of p38MAPK phos-
phorylation in normocholesterolemic (HS) (n  4) and hypercholesterolemic
(HC) (n  4) children.CD40L, the sample size is likely to be too small to test suchhypothesis. Further study is necessary to investigate
hether oxidative stress is an independent predictor of
amily history of atherosclerotic disease.
Our study has potential clinical implications as it suggests
he need of early intervention to reduce oxidative stress and
ts sequelae. Even if short-term treatment with antioxidants
mproved endothelial dysfunction (18), long-term supple-
entation with these vitamins proved to be ineffective to
revent atherosclerotic progression and should not be indi-
ated in children with hypercholesterolemia (27). Con-
ersely, appropriate dietary intervention aimed at enhancing
he natural defenses against oxidative stress should be
xplored. For instance, long-term dietary intervention with
ow-saturated fatty acids has been shown to ameliorate
ndothelial dysfunction, an effect that was explained in part
y cholesterol lowering, but its role on oxidative stress was
ot investigated (28). Integration of antioxidant nutrients in
ow-saturated fatty acid diets should be tested to assess
hether these diets influence oxidative stress in children
ith hypercholesterolemia.
This study has potential limitations that should be
cknowledged. First, we used only 1 test to measure
xidative stress. However analysis of 8-OHdG proved to be
reliable assay in clinical settings characterized by enhanced
xidative stress such as renovascular disease and hypercho-
esterolemia (10,16). Also, in another clinical setting, simul-
aneous measurement of serum levels of 8-OHdG and
rinary isoprostanes showed that these two markers of
xidative stress have a parallel behavior (29). Second,
nalysis of platelet p38 MAP kinase has been performed
nly in a subgroup of children and, although the increase of
ts phosphorylation was much higher in hypercholester-
lemic children compared with control subjects, we cannot
e certain that such differences would persist in analysis of
he entire population. Third, the differences between chil-
ren and adults are consistent with previous studies indi-
ating that oxidative stress and platelet activation increase
ith advancing age (30–33); however, it is unclear whether
his reflects atherosclerotic burden or if age per se is
ssociated with changes of mechanisms controlling for
xidative stress and platelet activation.
In conclusion, we showed an early interplay between
xidative stress and sCD40L in children with hypercholes-
erolemia, providing a novel insight into a mechanism
otentially accounting for premature atherosclerosis in this
linical setting.
eprint requests and correspondence: Dr. Francesco Violi, IV
ivisione di Clinica Medica, Viale del Policlinico 155, Rome
0161, Italy. E-mail: francesco.violi@uniroma1.it.
EFERENCES
1. Napoli C, Glass CK, Witztum JL, Deutsch R, D’Armiento FP,
Palinski W. Influence of maternal hypercholesterolaemia during preg-
nancy on progression of early atherosclerotic lesions in childhood: Fate
11
1
1
1
1
1
1
1
1
2
2
2
2
2
2
2
2
2
2
3
3
3
3
1981JACC Vol. 49, No. 19, 2007 Martino et al.
May 15, 2007:1974–81 Soluble CD40L in Hypercholesterolemic Childrenof Early Lesions in Children (FELIC) study. Lancet 1999;354:
1234–41.
2. Newman WP, Freedman DS, Voors AW, et al. Relation of serum
lipoprotein levels and systolic blood pressure to early atherosclerosis.
The Bogalusa Heart Study. N Engl J Med 1986;314:138–44.
3. McGill HC, McMahan CA, Malcom GT, Oalmann MC, Strong JP.
Effects of serum lipoproteins and smoking on atherosclerosis in young
men and women. The PDAY Research Group. Pathobiological
Determinants of Atherosclerosis in Youth. Arterioscler Thromb Vasc
Biol 1997;17:95–106.
4. Raitakari OT, Juonala M, Kahonen M, et al. Cardiovascular risk
factors in childhood and carotid artery intima-media thickness in
adulthood: the Cardiovascular Risk in Young Finns Study. JAMA
2003;290:2277–83.
5. Tsimikas S, Shortal BP, Witztum JL, Palinski W. In vivo uptake of
radiolabeled MDA2, an oxidation-specific monoclonal antibody, pro-
vides an accurate measure of atherosclerotic lesions rich in oxidized
LDL and is highly sensitive to their regression. Arterioscler Thromb
Vasc Biol 2000;20:689–97.
6. Iuliano L, Mauriello A, Sbarigia E, Spagnoli LG, Violi F. Radiola-
beled native low-density lipoprotein injected into patients with carotid
stenosis accumulates in macrophages of atherosclerotic plaque: effect of
vitamin E supplementation. Circulation 2000;101:1249–54.
7. Srinivasan SR, Radhakrishnamurthy B, Pargaonkar PS, Berenson GS,
Dolan P. Lipoprotein-acid mucopolysaccharide complexes of human
atherosclerotic lesions. Biochim Biophys Acta 1975;388:58–70.
8. Steinberg D. Low density lipoprotein oxidation and its pathobiological
significance. J Biol Chem 1997;272:20963–66.
9. De Caterina R, Cipollone F, Filardo FP, et al. Low-density lipopro-
tein level reduction by the 3-hydroxy-3-methylglutaryl coenzyme-A
inhibitor simvastatin is accompanied by a related reduction of F2-
isoprostane formation in hypercholesterolemic subjects: no further
effect of vitamin E. Circulation 2002;106:2543–9.
0. Sanguigni V, Ferro D, Pignatelli P, et al. CD40 ligand enhances
monocyte tissue factor expression and thrombin generation via oxida-
tive stress in patients with hypercholesterolemia. J Am Coll Cardiol
2005;45:35–42.
1. Rodenburg J, Vissers MN, Wiegman A, et al. Oxidized low-density
lipoprotein in children with familial hypercholesterolemia and unaffected
siblings: effect of pravastatin. J Am Coll Cardiol 2006;47:1803–10.
2. Schonbeck U, Libby P. CD40 signaling and plaque instability. Circ
Res 2001;89:1092–103.
3. Juonala M, Viikari JS, Rasanen L, et al. Young adults with family
history of coronary heart disease have increased arterial vulnerability to
metabolic risk factors. The Cardiovascular Risk in Young Finns Study.
Arterioscler Thromb Vasc Biol 2006;26:1376–82.
4. Chakrabarti S, Varghese S, Vitseva O, Tanriverdi K, Freedman JE.
CD40 ligand influences platelet release of reactive oxygen intermedi-
ates. Arterioscler Thromb Vasc Biol 2005;25:1–8.
5. Lauer RM, Obarzanek E, Hunsberger SA, et al. Efficacy and safety of
lowering dietary intake of total fat, saturated fat, and cholesterol in
children with elevated LDL cholesterol: the Dietary Intervention
Study in Children. Am J Clin Nutr 2000;72:1332S–42S.
6. Armstrong EJ, Morrow DA, Sabatine MS. Inflammatory biomarkers
in acute coronary syndromes: part III: biomarkers of oxidative stress
and angiogenic growth factors. Circulation 2006;113:e289–92.7. Higashi Y, Sasaki S, Nakagawa K, Matsuura H, Oshima T, Chayama
K. Endothelial function and oxidative stress in renovascular hyperten-
sion. N Engl J Med 2002;346:1954–62.
8. Engler MM, Engler MB, Malloy MJ, et al. Antioxidant vitamins C
and E improve endothelial function in children with hyperlipidemia:
Endothelial Assessment of Risk from Lipids in Youth (EARLY) Trial.
Circulation 2003;108:1059–63.
9. Andre P, Prasad KS, Denis CV, et al. CD40L stabilizes arterial
thrombi by a beta3 integrin-dependent mechanism. Nat Med 2002;8:
247–52.
0. Pignatelli P, Sanguigni V, Lenti L, et al. gp91phox-dependent expres-
sion of platelet CD40 ligand. Circulation 2004;110:1326–9.
1. Cipollone F, Mezzetti A, Porreca E, et al. Association between
enhanced soluble CD40L and prothrombotic state in hypercholester-
olemia: effects of statin therapy. Circulation 2002;106:399–402.
2. Ueland T, Vissers MN, Wiegma A, et al. Increased inflammatory
markers in children with familial hypercholesterolaemia. Eur J Clin
Invest 2006;36;147–52.
3. Bereczki D, Nagy E, Pal A, Magyar MT, Balla J. Should soluble
CD40 ligand be measured from serum or plasma samples? Arterioscler
Thromb Vasc Biol 2003;23:1129–30.
4. Li D, Liu L, Chen H, Sawamura T, Mehta JL. LOX-1, an oxidized
LDL endothelial receptor, induces CD40/CD40L signaling in human
coronary artery endothelial cells. Arterioscler Thromb Vasc Biol
2003;23:816–21.
5. Schönbeck U, Gerdes N, Varo N, et al. Oxidized low-density
lipoprotein augments and 3-hydroxy-3-methylglutaryl coenzyme A
reductase inhibitors limit CD40 and CD40L expression in human
vascular cells. Circulation 2002;106:2888–93.
6. Pignatelli P, Sanguigni S, Sciacca Giordano P, Lo Coco E, Lenti L,
Violi F. Vitamin C inhibits platelet expression of CD40 ligand. Free
Rad Biol Med 2005;38:1662–6.
7. Violi F, Cangemi R, Sabatino G, Pignatelli P. Vitamin E for the
treatment of cardiovascular disease: is there a future? Ann N Y Acad
Sci 2004;1031:292–304.
8. Raitakari OT, Ronnemaa T, Jarvisalo MJ, et al. Endothelial function
in healthy 11-year-old children after dietary intervention with onset in
infancy: the Special Turku Coronary Risk Factor Intervention Project
for children (STRIP). Circulation 2005;112:3786–94.
9. Violi F, Sanguigni V, Loffredo L, et al. Nox2 is determinant for
ischemia-induced oxidative stress and arterial vasodilatation. A pilot
study in patients with hereditary nox2 deficiency. Arterioscler Thromb
Vasc Biol 2006;26:e131–2.
0. Rall LC, Roubenoff R, Meydani SN, Han SN, Meydani M. Urinary
8-hydroxy-2= deoxyguanosine (8-OHdG) as a marker of oxidative
stress in rheumatoid arthritis and aging: effect of progressive resistance
training. J Nutr Biochem 2000;11:581–4.
1. Reilly IA, FitzGerald GA. Eicosenoid biosynthesis and platelet
function with advancing age. Thromb Res 1986;41:545–54.
2. Bastyr EJ, Kadrofske MM, Vinik AI. Platelet activity and phospho-
inositide turnover increase with advancing age. Am J Med 1990;88:
601–6.
3. Tomo K, Takayama H, Okuma M. Age-related changes of platelet
arachidonic acid metabolism in normal subjects. Int J Hematol
1997;66:249–51.
